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Survey and dietary exposure assessment of cadmium in milled rice in Jiangsu Province

SONG Wen'?, LI You—qin? LU Kang?, LIU Xian—jin*

(1.Institute of Quality and Standards for Agricultural Products, Zhejiang Academy of Agricultural Sciences/Zhejiang Province Key Lab for
Food Safety, Hangzhou 310021, China; 2.Institute of Food Safety and Monitoring Technology, Jiangsu Academy of Agricultural Sciences/
Laboratory of Quality & Safety Risk Assessment for Agro—Products(Nanjing ), Ministry of Agriculture, Nanjing 210014, China )

Abstract: A survey of cadmium levels in milled rice in Jiangsu Province was carried out in 2013. A total of 1101 milled rice samples were
collected from 13 cities. Cadmium was measured by graphite furnace atomic absorption spectroscopy. Results showed that 97.6% of the
samples contained detectable concentrations of cadmium, which ranged from 0.000 3 to 0.431 0 mg+kg™, with the mean value of 0.036 4
mg-kg™, but only 0.27% of the samples had cadmium concentrations exceeding the maximum level (ML), 0.2 mg-kg™". Based on recent rice
consumption and body weight, an estimated monthly human intake of cadmium was calculated for 20 age—sex categories of Chinese popula—
tion using a non—parameter probabilistic model. The provisional tolerable monthly intake (PTMI ) of cadmium, as recommended by the Joint
FAO/WHO Expert Committee on Food Additives(JECFA ) was 25 pg-kg™ bw. The estimated exposure values for populations of interest
were compared to the PTMI. This study confirmed a low average health risk of cadmium via the milled rice in Jiangsu Province. For the pop—
ulation below 14 years old, however, exposure to cadmium represented 86.3%~130.7% of the PTMI at P95 risk level. For population below
11 years old, 6.8%~9.0% individuals had cadmium exposure exceeding the PTMI. The present study suggests that it is necessary to estab—
lish a program to monitor cadmium dynamics in milled rice continuously.

Keywords: cadmium; milled rice; dietary exposure; probabilistic assessment; Jiangsu Province
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Table 1 Body weights and daily rice consumption of

different subpopulations

S i S
AEHE Age W Body weight/kg Average Ea;lf—yiii:ifiﬁiiion/g-d"
I Male %z Female 5 Male %z Female

2~4 14.06 13.48 116.8 115.3
4~7 18.20 17.61 154.9 137.5
7~11 25.98 25.12 199.0 182.8
11~14 36.22 36.39 229.5 205.5
14~18 50.58 47.81 266.1 207.5
18~30 62.52 52.85 266.9 224.9
30~45 64.42 55.73 272.6 240.2
45~60 62.71 56.59 271.5 235.2
60~70 60.48 53.51 236.2 209.4
70~80 57.33 49.80 222.7 192.7
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Figure 1 Frequency distribution of cadmium concentrations in rice
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Table 2 Statistical summary of cadmium concentrations in 1101 milled rice samples(in 2013)

ikt L BB LRIV M ML [REAEL piel 7
City Range/mg kg’ Mean/mg-kg” Median/mg-kg’' No.>ML Over-limit rate/%
FM Suzhou 0.003 1~0.123 4 0.024 1 0.018 3 0 0
A5 Wxi 0.006 2~0.142 3 0.041 1 0.030 5 0 0
%M Changzhou  0.004 0~0.265 1 0.048 6 0.038 6 1 1.05
50 Nanjing 0.001 1~0.180 3 0.034 1 0.026 4 0 0
HIT. Zhenjiang 0.006 4~0.121 6 0.038 8 0.0335 0 0
P Yangzhou 0.000 3~0.431 0 0.035'5 0.014 7 1 1.67
75 Taizhou <LOD~0.190 3 0.025 8 0.014 2 0 0
F38 Nantong <LOD~0.140 1 0.032 8 0.016 2 0 0
% Huaian 0.000 3~0.149 3 0.057 4 0.048 5 0 0
13 Sugian <LOD~0.241 4 0.028 1 0.023 7 1 111
b3k Yancheng <LOD~0.064 1 0.013 0 0.009 1 0
#:H Xuzhou 0.000 6~0.193 3 0.041 4 0.0215 0
¥ 755 Lianyungang  0.001 1~0.180 1 0.054 1 0.028 5 0

W AR R A7 £, L 1/21.0D(0.000 05 mg - kg™ ) CITAT AAG H{E

Note : When calculating mean and median values, one—half LOD(0.000 05 mg-kg™) was used for samples with Cd concentrations lower than LOD.

% 3 ETF Kruskal-Wallis #3687 HEFEL 4

Table 3 Homogeneous subsets based on Kruskal-Wallis test

ﬁl‘i?% Homogeneous subset

kT City
L% Yancheng 288.017
Z& M Taizhou 416.691
#M Yangzhou 467.583
[4i# Nantong 470.050
I Suzhou 484.692
51 Sugian 522.328

%M Xuzhou
3% Nanjing

% i Lianyungan,

J& Wuxi

FHT. Zhenjiang
M Changzhou

#E*Z: Huaian

g

467.583
470.050
484.692
522.328 522.328
560.289 560.289 560.289
612.072 612.072 612.072
619.156 619.156 619.156
675.956 675.956
679.336 679.336
683.232
696.375

T RIS B FEETARAK Kruskal-Wallis £250 192 HUERZE A5y, W25 /KF-2 0.05,

Note: Average rankings of samples were given in table. Homogeneous subsets were the result of multiple comparisons based on Kruskal-Wallis test. The

significance level was 0.05.
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Table 4 Estimated monthly cadmium exposures of different subpopulations via milled rice( g -kg™ {AE )
AR THEREEC A 70 BT 90% Y B AR
SRS Age PRI Sex Mean, percentile and their 90% confidence intervals for monthly cadmium exposure via rice consumption for each age—sex group
S8 Mean P50 P75 P90 P95
2~4 % Male 9.070(8.591~9.590) 5.425(4.984~5.732)  11.277(10.205~12.461) 22.793(20.934~25.420) 31.744(29.906~34.891)
2 Female  9.339(8.845~9.874) 5.586(5.132~5.902)  11.612(10.508~12.830) 23.468(21.555~26.173) 32.684(30.792~35.924)
4~7 I Male 9.292(8.802~9.825) 5.558(5.107~5.873)  11.554(10.456~12.767) 23.352(21.448~26.044) 32.522(30.640~35.746)
4 Female  8.528(8.075~9.014) 5.099(4.685~5.388)  10.600(9.592~11.712) 21.423(19.676~23.893) 29.836(28.109~32.794)
7~11 i Male 8.363(7.921~8.843) 5.002(4.596~5.285)  10.398(9.410~11.490) 21.016(19.303~23.439) 29.269(27.575~32.171)
7 Female  7.945(7.525~8.401) 4.752(4.366~5.021) 9.879(8.940~10.916) 19.966(18.338~22.268) 27.807(26.198~30.564)
11~14 1 Male 6.918(6.553~7.315) 4.138(3.802~4.372) 8.602(7.784~9.504)  17.385(15.967~19.389) 24.212(22.811~26.612)
2 Female  6.166(5.840~6.519) 3.688(3.388~3.897) 7.666(6.938~8.471)  15.494(14.231~17.280) 21.579(20.330~23.718)
14~18 I Male 5.744(5.441~6.073) 3.436(3.157~3.630) 7.142(6.463~7.892)  14.435(13.258~16.099) 20.103(18.940~22.096)
4 Female  4.738(4.488~5.010) 2.834(2.604~2.995) 5.892(5.332~6.510)  11.908(10.937~13.281) 16.584(15.624~18.228)
18~30 B Male 4.661(4.415~4.928) 2.788(2.561~2.946) 5.795(5.244~6.404)  11.713(10.758~13.063) 16.313(15.369~17.930)
7z Female  4.646(4.401~4.913) 2.779(2.553~2.936) 5.777(5.228~6.383)  11.676(10.724~13.022) 16.261(15.320~17.873)
30~45 I Male 4.620(4.376~4.885) 2.763(2.539~2.920) 5.744(5.199~6.347)  11.610(10.664~12.949) 16.170(15.233~17.773)
2 Female  4.706(4.457~4.976) 2.815(2.586~2.974) 5.851(5.295~6.465)  11.826(10.861~13.189) 16.470(15.516~18.102)
45~60 I Male 4.727(4.477~4.998) 2.827(2.598~2.987) 5.877(5.319~6.494)  11.879(10.910~13.248) 16.544(15.586~18.184)
1 Female  4.538(4.298~4.798) 2.714(2.494~2.868) 5.642(5.106~6.234)  11.404(10.474~12.718) 15.882(14.962~17.456)
60~70 1 Male 4.264(4.039~4.509) 2.550(2.343~2.695) 5.302(4.798~5.858)  10.715(9.842~11.951) 14.923(14.060~16.403)
2 Female  4.272(4.047~4.518) 2.556(2.348~2.700) 5.312(4.807~5.870)  10.737(9.862~11.975) 14.953(14.088~16.436)
70~80 I Male 4.241(4.017~4.484) 2.537(2.331~2.680) 5.273(4.772~5.827)  10.658(9.789~11.887) 14.844(13.984~16.315)
4 Female  4.225(4.002~4.467) 2.527(2.322~2.670) 5.253(4.754~5.804)  10.617(9.751~11.841) 14.786(13.930~16.252)

BN, P95 XU 7K F- (1) 2R g BT 14.786~20.103 g-
ke A, (5 PTMI (1 59.19%~80.4% .,

20 AT 20T I R OR AR BB A B 431 L3
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£S5 20 MERFRAANBHERBENES
Table 5 Distributions of estimated cadmium exposure for

populations of interest via milled rice consumption

] i Male % Female
AFRS Age
<PTMI/% >PTMI/% <PTMI/% >PTMI/%

2~4 91.2 8.8 91.0 9.0

4~7 92.3 7.7 91.8 8.2
7~11 92.0 8.0 93.2 6.8
11~14 96.8 32 96.8 32
14~18 97.5 2.5 99.6 0.4
18~30 99.8 0.2 99.7 0.3
30~45 99.7 0.3 99.7 0.3
45~60 99.7 0.3 99.7 0.3
60~70 99.7 0.3 99.7 0.3
70~80 99.8 0.2 99.7 0.3

3 it

KA IR AR AR, & AH 65%LU L
AN T AR A JEAREY, RROK 9 22 et AR R B3k
el s R RRE . PRI, S7 R M O TR K A ) I £
FEVPAL & R ROR A 22 A 2R 7 KOl B x o, Ay b
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